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From careful experimental (1, 2, 3) and clinical (4)  studies, it has 
become well recognized that continued loss of gastric juice may lead 
rapidly to severe or fatal dehydration and alkalosis, due to secretion 
into the stomach with subsequent loss of large amounts of water and 
chlorine ion, together with a considerably smaller, but still significant 
amount of fixed base.  Theoretically the most effective method of 
relieving such changes should be the intravenous administration of 
adequate amounts of a  solution of  the  same  inorganic composition 
as gastric juice, i.e. a solution in water of'HC1 and NaC1 in 100 mM 
and  30  mM  concentrations  respectively.  Practically,  however, 
administration of 145 mM or .85% NaC1 (physiological salt solution) 
in sufficient quantity is quite effective.  This is due largely to normal 
renal activity which permits excretion of excess of fixed base in the 
form of BHCO3  during the period after the normal fixed base level 
has been restored and while the normal C1 concentration has not yet 
been reached.  The general use of salt solution in such cases, therefore, 
is well justified from both the theoretical and practical viewpoint. 
In  certain  conditions,  however,  which include loss  of  combined 
gastrointestinal  secretions,  as for instance intestinal obstruction or 
fistula, and severe diarrhea, dehydration may be accompanied by less 
marked alkalosis, or even by severe acidosis, duepresumablyto greater 
loss of fixed base than fixed acid in the unabsorbed digestive secretions, 
together with the accumulation of such acids as lactic',  phosphoric, 
sulfuric and occasionally ketone, dependent upon inadequate circula- 
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tion, urinary excretion and carbohydrate metabolism.  Theoretically 
the most effective method of relieving such changes should be paren- 
teral administration of adequate amounts of water, base, bicarbonate 
and chloride (together with dextrose in the case of ketosis)  in the 
proportions in which they exist in the gastrointestinal secretions lost. 
Difficulties arise,  however, in applying such treatment because our 
knowledge as to the normal proportion of water, fixed base and fixed 
acid in the combined intestinal secretions is not as complet  e as in the 
case of gastric juice, and because of the difficulty of preparing sterile 
and non-irritating solutions containing sufficient amounts of all the 
substances lost.  Practically, however, excellent relief of dehydration 
and acidosis has frequently been seen following the administration of 
large amounts of saline or Ringer's solution, with or without the addi- 
tion of dextrose, the reason again being normal renal activity which 
permits, in this instance, excretion of the excess of fixed acid (CI-) in 
combination with manufactured base (NH4  +) with resultant retention 
of fixed base (B +) for combination with HCOv  However, in many 
instances of severe diarrhea associated with persistent oliguria (5) as 
well as in cases of nephritis (6)  Hartmann noted that the adminis- 
tration  of large amounts of Ringer's solution was not followed by 
adequate restoration of BHCOv  By following closely the chemical 
changes taking place in the blood plasma of such cases and administer- 
ing Ringer's solution, glucose and sodium bicarbonate individually, 
as needed, he came to feel that the results obtained were distinctly 
superior to those obtained by the administration of Ringer's solution 
and dextrose alone. 
The proper dosage of alkali given in this way, however, could only 
be ascertained with certainty by means of chemical examination of 
the blood, which was a  distinct disadvantage in prolonged cases of 
diarrhea  and  acidosis  in  small  infants,  in  addition,  to  be  non- 
irritating  enough to  be  given  subcutaneously or  intraperitoneally, 
sodium bicarbonate solution had to be sterilized by Berkefeld filtration 
and brought to approximately pH 7.4 by means  of the addition  of carbon 
dioxide.  Such difficulties, it was felt, restricted considerably the use 
of alkali outside of hospital practice, even though its administration 
may have been unquestionably indicated. 
With the realization that the normal kidney has a  most marked ALEXIS  F.  HARTMANN  AND  ROBERT  ELMAN  389 
ability to  select for retention or excretion those substances needed 
or not needed by the body, provided a  sufficient amount of water is 
available for ~dequate urinary volume, we felt that a  solution,  to be 
effective against loss of either gastric or intestinal secretions, should 
contain:  (1) water in relative abundance (i.e. should be a  somewha  t 
hypotonic solution); (2) a sufficient source of CI' and B+ to overcome 
the effects of the loss of gastric juice; (3) a sufficient excess of fixed base 
over fixed acid which, while being available quickly enough without 
kidney intervention to overcome severe acidosis, would still be released 
slowly enough for excretion into the urine as BHCO8 in the presence 
of alkalosis; (4) fixed base in proper physiological ratio as regards Na, 
K  and Ca; and (5) an antiketogenic substance. 
These conditions it was thought would be fulfilled by a solution of 
the following composition: 
NaC1  = 95.0 mM B + 
KC1  =  5.0 mM B + 
CaC1.2  =  2.5 mM B + 
Na lactate = 25.0 mM B + 
Such a solution has a total osmolar concentration of about 240 mM 
as compared with the normal plasma concentration of 320.  The C1 
content approximates the normal plasma concentration, the cations 
are in the same proportions as they occur in normal plasma and sodium 
lactate besides being antiketogenic provides an excess of fixed base 
over fixed acid when the lactate ion is removed by synthesis or oxida- 
tion.  Frofn previous clinical (7) as well as experimental (8, 9) studies, 
it would be expected that base would be released more or less quantita- 
tively from combination with the lactate ion during the period of 3 
or 4 hours after entrance into the blood stream, which should provide 
sodium bicarbonate rapidly enough in  case of need but  also slowly 
enough for excretion in case of excess. 
Our experimental work on dogs was done (1) to gather more data 
as to the composition of normal digestive juices,  (2)  to study more 
thoroughly the effects of loss of such secretions and (3)  to test the 
efficiency of the theoretically kieal solution mentioned above (which 
will hereafter be referred to as "combined" solution) in restoring the 
altered plasma to normal under experimentally produced conditions 390  LOSS OF GASTRIC AND  PANCREATIC  SECRETIONS 
of dehydration with alkalosis or acidosis.  This communication will 
be confined to a consideration of the gastric and pancreatic secretions. 
Chemical Methods 
In all instances blood was obtained under oil by puncture of the femoral artery. 
Chloride was determined by the method of Van Slyke (10); bicarbonate by the 
method of Van Slyke (11);  pH by the method of Hastings and Sendroy (12); 
protein by the micro-kjeldahl method (13); inorganic phosphorus by the method of 
Briggs (14); sulphate by the method of Dennis (15); lactic acid by the method of 
Friedemann, Cotonio and Shaffer (16); total base by the method of Stadie and 
Ross (17); glucose by the method of Shaffer and Hartmann (18); NPN by the 
method of Folin and Wu (19); urea by the method of Van Slyke (20) and the 
freezing point by a thermo-couple and galvanometer as described by Darrow and 
Buckman  (21).  The osmolar  concentrations were calculated as  described by 
Darrow and Hartmann (22). 
Loss of Gastric Juice 
1.  Chemical changes induced  by loss of gastric mice through 
repeated lavage 
Experiment No.  1.  Dog  ~ 2 
In order to effect loss of gastric juice as simply as possible, and to avoid en- 
tirely operative procedures on the digestive  tract which might influence  quanti- 
tatively or qualitatively normal gastric secretion, dog No. 2 was permitted to eat 
and drink and live normally with the exception that some of the food together 
with the secreted gastric juice was withdrawn by gastric lavage.  At least one or 
two feedings per day were permitted to be retained to prevent significant starva- 
tion, and water was kept at all times in the cage to provide adequate water intake 
during intervals between lavage.  Water intake and output were not measured, 
but frequent observations indicated that the animal both drank and urinated fully 
as much as the normal animal. 
The chemical changes following lavage are  shown in Table I  and 
Chart I.  As would be expected, loss of the chlorine ion with increase 
in the bicarbonate ion (and pH) occurred in a few days time.  Later, 
as loss of gastric juice continued, anhydremia developed, as indicated 
both  by  increase  in  serum  protein  and  reduction  of  serum  water 
contents.  This dehydration occurred despite  an  apparently normal 
intake of water.  During the third week when the C1 reduction and 
anhydremia were maximal, there also occurred a considerable increase ALEXIS F. IIARTM.ANN AND ROBERT ELM_AN  391 
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in blood lactic acid and a slight but appreciable increase in NPN, and 
decrease  in  total  fixed  base.  Also  during  this  period  the  osmotic 
pressure as determined by the freezing point diminished very slightly. 
The calculated total osmolar concentrations were in good agreement 
with the observed. 
Ten  days  after  gastric  lavage  was  discontinued,  the  blood  was 
again studied and found normal with the exception of BC1 concentra- 
tion, which was above the normal. 
After four days of more intensive lavage during which time alto- 
gether eighteen stomach washings  were made,  the C1 ion  concentra- 
tion  dropped  to  a  level  similar  to  that  obtained  after  the previous 
three weeks of less intensive lavage,--namely to 76 mM.  Bicarbonate 
ion  increase was  in part  masked  by increase  of lactate.  The  total 
base  was  diminished  21  mM  and  the  observed  osmotic  pressure 
dropped  to  a  distinctly  subnormal  level.  The  calculated  osmotic 
pressure  was  also,subnormal  but  to  a  lesser  degree.  The  NPN 
increased very little during this period.  A  slight fall of protein con- 
centration  occurred. 
2.  Effects of Loss of Gastric Juice by Fistula 
Experiment 2.  Dog  ~ 28 
In  this  experiment  we  desired  chiefly  to  note  the  rapidity  and 
extent  of plasma  changes  resulting  from total  loss  of gastric  juice. 
On 2-12-29 the pylorus was resected under ether, the duodenal end closed and 
the stomach drained to the outside through a rubber tube.  On 2-4-29, 3 mg. 
erganine were injected hypodermically to stimulate secretion of gastric juice for 
immediate collection and examination.  500 cc. of 5 per cent dextrose were given 
intraperitoneaUy on  2-15-29  and  2-16-29.  Severe tetany and  asthenia  were 
present on the latter day.  The dog was found dead on 2-17-29 the 6th day of 
drainage.  From Table I it may be noted that by the 5th day of drainage plasma 
BC1 concentration had fallen from 109 to 56 raM.  Base bicarbonate increased 
only from 19 to 32 raM.  This great discrepancy, 40 mM base, was well accounted 
for by the actual decrease in total base concentration plus the increase in phos- 
phate and undetermined acid.  NPN, 82 per cent of which was urea, increased 
from 36 to 214 rags. per cent.  The water content of the serum diminished without 
a corresponding increase in protein.  The total calculated osmolar  concentration 
changed only from 310 to 316 osm. raM.  A sample of gastric juice obtained on the 
third day after injection of erganine showed the following composition;  total CI 
133 mM, HC178 raM, total fixed base 27 mlV[, total N 507 rags. per cent. ALEXIS F. HARTMANN  AND  ROBERT  ELMAN  395 
Experiment  ~ 3.  D.og  ~ 22 
In  this  experiment  we  proposed  to  investigate  the  effect  on  the 
prevention of dehydration of administration into the jejunum of:  (1) 
dextrose solution and (2) dextrose solution and "combined" solution. 
On 4-8-29 a gastric fistula was made under ether as in the previous experiment 
and in addition a jejunostomy was performed.  Free drainage of gastric  juice was 
noted on 4-9-29 and 200 cc. of 5 per cent dextrose were placed into the jejunum. 
On 4-10-29, 550 cc. were given.  Tetany with convulsions developed on this day 
and blood was taken for chemical examination ~mmediately after one of the latter. 
Changes similar to but not quite as marked as those noted in the previous experi- 
ment on the 5th day of drainage were found, with the exception that base bicarbon- 
ate increase was entirely absent,  being masked by a very marked increase in lactic 
acid, presumably the result  of convulsions.  On the next day, three days after 
operation,  BCI had diminished to 56 m.M.  Base bicarbonate had increased to 32 
raM.  Protein,  phosphate,  undetermined  acid and NPN had increased  signifi- 
cantly and total base had diminished  to  126 mM.  The total osmolar  concen- 
tration observed was 334 raM, compared to a calculated osmolar concentration of 
281.  Signs of tetany were present on this day.  In all respects,  therefore,  this 
dog appeared slm~lar to the previous one on the day before death.  On this day, 
however,  500 cc. of "combined" solution  with 5 per cent added dextrose  were 
given; on the next day 750 cc. were given in three divided doses, and on 4--13-29 
the 5th day after operation,  blood was examined  chemically and found normal 
in all respects.  At this time the dog seemed in very good shape, was able to walk 
and there was no signs of tetany. 
Experiment No. 4.  Dog  ~ 1-38 
In this experiment we desired  to confirm the results of the previ- 
ous  experiment. 
On 5-29-29 a gastric fistula  was made under ether by dividing  the pylorus, 
closing the duodenal end and sewing the stomach end into the incision.  Blood 
was examined two days later and the expected changes were found.  On this day 
(5-31-29) 500 cc. of "combined" solution were given intraperitoneally.  On the 
next day, the animal was more lively and the blood composition had changed  in 
the direction  of normal.  No treatment was given on this day and on 6-2-29 
in spite  of the intraperitoneal  administration of 500 cc. of 5 per cent dextrose, 
the dog appeared dehydrated and moribund.  A relapse from the chemical stand- 
point was also noted (see Table I) despite the administration  of dextrose solution. 
On 6-3-29, 500 cc. of "combined" solution were given intravenously followed by 
almost immediate  symptomatic improvement.  Later in  the day 500  cc. were 
given intraperitoneally.  On 6-4-29, 500 cc. were given intravenously at 11 a.m. 396  LOSS 01~  GASTRIC AND  PANCREATIC  SECRETIONS 
and three hours later blood was taken for study.  At the same time urine was 
obtained.  The blood showed a definite rise in BC1 with a significant decrease of 
BHCOaand a slight fallin lactic acid.  The urine was dilute.  Its C1 concentration 
was 416 raM, BHCO8 concentration 53.2 raM, NH4 8 raM, while the total nitrogen 
concentration was 280 rags. per cent.  At 4 p.m. on 6--4-29 500 cc. more of "com- 
bined"  solution  were  given  intraperitoneally.  This  dosage  was  repeated  on 
6--5-29 at 12 noon, and at 3 p.m. on the same day blood was examined and found 
practically normal.  The animal was killed and autopsied on 6-7-29.  On that 
day the dog was able to walk;  there were no signs of tetany.  No infection was 
present. 
It would  seem  therefore  from the  data  of these  experiments  that 
the dehydration  and alkalosis resulting from the loss of gastric juice 
is adequately relieved by administration  of "combined" solution. 
Loss of Pancreatic  Juice 
In these experiments pancreatic juice was obtained by the method 
previously described  by one of us  (23).  (R. E.) 
Very recently Gamble and Mclver (24) published data concerning the inorganic 
composition of pancreatic Juice as obtained by an open fistula  and discussed the 
dehydration and acidosis which followed such loss of pancreatic juice.  As might 
have been predicted,  they observed a  favorable effect on the dehydration and 
acidosis by the administration of sodium chloride and sodium bicarbonate.  At 
the time of their publication we had made similar observations on two dogs con- 
cerning the nature of pancreatic juice and the effects of its complete loss by the 
method of intubation of the main pancreatic duct after ligation of all accessory 
ducts.  In commenting on the two methods, Gamble and McIver concluded that 
the open fistula method was the superior, because they felt that premature death 
occurred in the intubated animals because of concommitant vomiting provoked 
by the intubated catheter.  It would seem, however, that in reality the earlier 
death noted in the intubated animals (5 to 8 days as compared with 35 days) re- 
suited from the more rapid dehydration and more marked acidosis due to the more 
extensive loss of pancreatic juice.  In the method we used it was possible to ob- 
tain the entire 24 hour output from the entire pancreas and under sterile conditions. 
This is in contrast to the inevitable infection as well as the licking and consequent 
partial restoration of pancreatic juice in dogs with open fistulae.  Infection itself 
leads to fibrosis  of the gland and marked diminution of pancreatic secretion, an 
observation  noted by most workers using open pancreatic  fistulae.  Vomiting 
in the intubated animals occurred only when fluid was taken into the stomach 
and  is  a  manifestation  of the gastric irritability  which is  part  of the  picture. 
Most animals seemed to realize this and took very little fluid and did not vomit. 
In a few dogs the desire for food and water was so great that they drank in large 
amounts and usually vomited afterwards. ALEXIS  ~'.  HARTMANN  AND  ROBERT  ELMAN  397 
Composition of Pancreatic Juice 
Pancreatic  juice  as  coliected  early  after  intubation,  is  faintly 
opalescent, sterile and without odor.  Its total base concentration is 
roughly that of normal plasma, 150-150 mlV[ and consists chiefly of 
sodium.  Calcium averages about 4.5 mgm. per cent.  Of the anions, 
HCO8 p is  the  most  concentrated,  averaging  about  105  mlVI.  C1  ~ 
averages about 40 raM.  Protein varies from .8 to 1.9% averaging 1.2°-/o. 
The albumin/globulin ratio is a little less than 1: 2.  Inorganic phos- 
phorus concentration is usually less than 1 rag. per cent.  Lactic acid 
concentration is also less than in plasma, averaging less than 1 mM. 
Undetermined acid averages about. 5  raM.  Glucose is  absent  and 
urea concentration approximates that of plasma.  The total osmolar 
concentration both as determined and calculated also approximates 
that  of normal plasma.  The  amount of pancreatic juice  secreted 
during the first 24 hours averages between 10 and 20 cc. per hour and 
increases to 15-30 cc. per hour for the next few days. 
The Effects of Continued Complete Loss of Pancreatic Juice 
During the first 2 or 3 days of drainage, the average arfimal appears 
normal.  As described in a previous paper, (23) he then develops loss 
of appetite,  shows evidence of dehydration, but frequently not of 
thirst, becomes weak, drowsy, hyperpneic and dies on about the eighth 
day.  Vomiting tends to occur particularly if food is garaged or if the 
animal persists in  drinking or eating,  but may be  entirely absent. 
Plasma chemical changes are uniformly characteristic.  (Table III 
and Chart II.)  If vomiting is absent there occurs a  steady fall in 
BHCO8 until its concentration reaches about  7-8  mM when death 
intervenes.  BC1 also diminishes but usually only to a slight extent as 
compared with  the diminution seen following loss of gastric juice. 
Protein concentration increases steadily and shortly before death may 
be extremely high, 10-13 per cent.  Phosphoric, lactic and sulphuric 
acid  concentrations  increase  several  fold.  Total  base  diminishes 
often  to  the  extent  of  25-30  mlYl.  Undetermined acid  tends  to 
increase, but frequently remains extremely small.  NPN concentra- 
tion may exceed 200  mgm. per cent.  Glucose in  some animals is 
found low (in one case it was practically absent) while in others its 
concentration varies  from  the  normal  to  200-270  mgm.  per  cent. 398  LOSS  01~ GASTRIC  AND  PANCREATIC  SECRETIONS 
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The water content of the serum diminishes usually from 94 to 91 gins. 
per 100 cc.  The  plasma volume as compared with the cell volume 
decreases enormously, however,  sometimes being only one-fifth the 
total blood volume.  The total osmolar concentration both as observed 
and calculated changes but little. 
If marked vomiting occurs, BHCOa loss may be partly or entirely 
masked, while BC1 diminution is intensified. 
Early infection of the pancreatic juice and of the pancreas may 
also  alter  the  course  of  events  somewhat,  as  mentioned  earlier. 
Usually infection results in diminution of pancreatic secretion, and 
delays fatal changes somewhat (see Table II).  In Dog  ~ 25 glucose 
was practically absent from the blood on the 13th day (day of death) 
and  an  extremely  high  concentration  of  lactic  acid  was  present. 
Apparently  either  glycolysis  occurred  in  vivo  or  else  developed 
extremely rapidly after removal of the blood. 
Renal activity (Chart II) is such as to compensate for the plasma 
changes.  The urine diminishes in volume, contains almost no bound 
HCO3 and therefore becomes highly acid, becomes free of C1 and con- 
centrated as regards HPO4, ammonia and urea.  Fixed base is much 
diminished.  A heavy trace of albumin and numerous granular casts 
are usually present. 
The pancreatic juice changes somewhat in composition as dehydra- 
tion and acidosis increase.  (Table II, Chart II.)  It diminishes in 
volume and becomes considerably less rich in base bicarbonate, but 
remains very alkaline  as  compared to  the plasma.  BC1  increases 
somewhat  in  concentration.  Its  total  fixed  base  concentration 
steadily diminishes but usually not as rapidly or to the extent that 
plasma base  diminishes.  NPN  and  urea continue to  approximate 
their plasma  concentrations, probably  because of simple filtration. 
It would seem therefore that secretion of pancreatic juice, as in the 
case of gastric juice secretion, continues more or less unaltered despite 
the fact that its loss leads to the rapid death of the animal.  Renal 
activity while very important in compensating for loss of water, fixed 
base and C1, is insuf~cient to prevent death in the absence of sufficient 
mineral intake. ALEXIS  ]~.  HARTMANN  AND  ROBERT  ELMAN  401 
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The E~ects of the A dministration of Dextrose, Ringer's and "Combined" 
Solutions 
When only water and dextrose solution are administered, no note- 
worthy diminution of dehydration and  acidosis or prolongation of 
life seems to occur. 
Administration  of  Ringer's  solution,  however,  (Table  III)  in 
amounts somewhat greater than the volume of the pancreatic juice 
lost has a decided beneficial effect.  Mter administration of Ringer's 
solution to Dog  ~/23 (Table II) was begun, pancreatic juice, which 
had diminished in volume and BHCO8 concentration, again increased 
in volume and alkalinity.  The dog showed symptomatic improve- 
ment.  He became lively and his appetite returned.  Urinary output 
increased and  renal  activity, largely through  excretion of  chloride 
bound to ammonia with resultant retention of fixed base, was sufficient 
to prevent plasma BHCO8 from falling to a  fatal level.  It is to be 
noted, however, that BHCO, continued to diminish for a number of 
days after beginning the administration of Ringer's solution and then 
increased but did not nearly reach the normal level by the 15th day. 
With the administration of "combined" solution almost immediate 
relief  of  dehydration  and  acidosis  was  accomplished  (Table  III). 
Kidney intervention, while necessary for the excretion of such accumu- 
lated  acids  as  phosphoric  and  sulfuric  and  of  excess  non-protein 
nitrogen, was unnecessary for a rapid restoration to normal of plasma 
BHC08 and pH. 
It would seem, therefore, that the "combined" solution is effective 
in relieving dehydration due to  loss  of  fixed  base  and  fixed  acid, 
regardless of whether "acidosis" or "alkalosis" exists.  Severe renal 
insufficiency should not prevent plasma BHCOa restoration.  Theo- 
retically, however, it might delay excretion of BHCOa excess. 
An  experimental  study  of  this  problem  will  be  reserved  for  a 
later paper.* 
SU'~ARY AND  CONCLUSIONS 
The composition of gastric and pancreatic juices and the effects 
of their loss on the composition of the body fluids were studied.  Loss 
* A preliminary  report on the clinical  use of the "combined" solution was given 
by one of us (A. F. H.) at the Forty-first Annual Meeting of the American Pedia- 
tric Society. ALEXIS ~. HARTM.ANN AND  ROBERT  ELM~AN  405 
of  gastric  juice by  removing water  and  chloride ions  only partly 
neutralized by fixed base results in dehydration and alkalosis. 
Loss of pancreatic juice by removing water and a relative excess of 
fixed base results in dehydration and acidosis. 
Normal conditions in the body may be restored after the loss of 
either gastric or pancreatic juice by the administration of a combined 
solution, which provides (1) water in abundance because of its hypo- 
tonicity (2)  an adequate  source of the fixed anion  CI' and  of  the 
cations Na  +,  K +,  and  Ca  ++ in proper physiological ratio  and  (3) 
an excess of fixed base over fixed acid in the form of B-lactate. 
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